Though generally most of chemical processes are complex multivariable systems with strong interactions, PID controllers are used in most cases even nowadays. However, it is well known that the tuning of their parameters is very difficult. On the other hand, though Dynamic Matrix Control(DMC) has become to be often used for such control systems, it required a lot of the cost and the long term for development. In this paper, a new tuning scheme of PID parameters is proposed, which is called a cyclic one-spot tuning scheme. Moreover, the proposed control scheme is evaluated on a real atmospheric distillation process refining petroleum.
Introduction
Recently, in process industries, various automatic control techniques have been introduced very aggressively owing to reducing the running cost or the amount of exhausting carbonic acid gas. In these techniques, there are various advanced multivariable control methods and the methods which directly manage a lot of constraints using the mathematical programming.
However, the rapid progress of the control techniques has brought about packaging of the control systems and making them black-boxes; as a result, it becomes to be difficult for boardmen to understand their principles and mechanisms. It is intuitive intelligibility and continuity between their control methods and the conventional experience that boardmen truly desire on automating the control systems in process industries. Therefore, an advanced complex method such as Dynamic Matrix Control(DMC) [Cutler] is discontinuous to the conventional PID controller [Ziegler] [Nims] [Chien] , and so the former is only a black-box to boardmen.
Moreover, though DMC is often used as a process control system, it is usually designed in a restricted block plant such as each distillation tower. However, in practical processes, since complex heat recovery systems are constructed among a lot of towers with heat exchanger networks in order to improve the efficiency of the consuming energy, a good control of each tower does not always bring about a good total control performance. Furthermore, the similar phenomena do occur even in each plant such a distillation tower because the plant happens to fall into an unstable state if each PID controller is tuned aggressively individually.
In this paper, a new tuning scheme of PID parameters is proposed, which is called a cyclic one-spot tuning scheme and puts an emphasis on the stability of the total control system rather than the response quickness. This paper is organized as follows. The outline and the basic control strategy of an atmospheric distillation process to be controlled is first discussed. Next, the cyclic one-spot tuning PID controller is explained and proposed. Finally, the proposed scheme is evaluated on a real atmospheric distillation process refining petroleum. 
Atmospheric Distillation Process

Outline
An atmospheric distillation process is the first-stage process for refining petroleum, and plays important role to separate crude petroleum into various distillation components. Its stabilization is strongly desired because it affects greatly the successive processes. However, it is said that the stabilizing control is very difficult for the following reasons:
(1) The dynamics changes owing to alteration of the kind of crude petroleum or production patterns.
(2) The process has strong interactions among a lot of process variables because it is constructed with a complex network of heat exchangers to recover the heat energy, and it is designed so as to separate some distillation components from the corresponding plural shelves keeping the respective standardized boiling points at the same time.
Distillation process
The schematic figure of an atmospheric distillation process is shown in Fig.1 . In Fig.1 , the light naphtha in the crude petroleum is separated in the first tower V 1 , and the residue is supplied into the second tower V 2 , i.e., the atmospheric distillation process. In V 2 , plural distillation components are extracted out keeping each standardized boiling point. That is, from the top naphtha, kerosene, light gas oil, heavy gas oil and residue oil are done in order.
The control of each boiling point is performed by regulating the extracted quantity from each shelf. The change of the extracted quantity of the light component affect that of the heavy component. Therefore, the boiling point control system becomes a one-way interaction system. The measurement of the standardized boiling point is carried out using an on-line boiling point analyzer and off-line precise manual analysis. Fig.2 shows the mechanism of the interaction owing to the heat exchanger network.
Strategy
For the control of an atmospheric distillation process, the following strategies are adopted: (1) In each 1-input 1-output control loop, a first-order pre-filter is introduced, and a velocity type PID controller is designed for the augmented system which is constructed with the pre-filter and the control object, based on the partial model matching
The first-order prefilter is adopted not only so as to make up for the dead time, but also to reduce the interaction among a lot of process variables. Furthermore, it is used as a phase lag element to obtain a large steady state gain keeping the stability rather than the responsequickness.
(2) Since the process has the strong interaction among a lot of process variables, it is very important to determine the tuning order of a lot of control loops. Then, to determine this order, the operators' working histories corresponding to the alarm histories are used and analyzed.
(3) The standardized boiling point of kerosene is adopted as the key process variable, i.e., as the aim of the total control performance. The tuning of each control loop is always carried out by taking over not only the control performance of itself but also that of the key process variable.
(4) Though the dynamics of this process varies owing to the change of the kind of crude petroleum or the production pattern and so on, the tuning had better not be performed as possible as to keep the stability. Then, the tuning is carried out only when it is inevitable, that is, it is done as a spot tuning. Therefore, it is called one-spot tuning in this paper. Fig.3 shows the behavior how this one-spot tuning is performed for each control loop.
Cyclic One-Spot Tuning PID Controller
System description
Most of chemical processes have complex structures and their dynamics are not obtained accurately. So, they are often described as the first-order system with dead time. In this paper, consider the following transfer function as the model of the controlled object:
where T , K and L denote the time constant, the process gain and the dead time, respectively.
Design of first-order filter
As the measure of the easiness for the control, the ratio of between the time constant and the dead time, i.e., L/T is usually adopted. Especially, in the case of adopting PID control scheme, it is said that the ratio ought to be 0.2 through 0.5. When the ratio is over 0.5, a first-order filter such as
is inserted in front of the controlled object, and τ is usually set so that L/(T + τ ) may be within 0.2 through 0.5. In this paper, since the processes in the consecutive stages are considered as the controlled objects, the quickness of the control is not required so severely by the following reasons: i) By improving the quickness, the successive processes happen to be affected worse, and sometimes they happen to fall into unstable states.
ii) Since most of chemical processes are multi-inputs and multi-outputs systems, the other controlled variables happen to be affected strongly by the mutual interaction owing to the quickness improvement.
Therefore, in this paper, a first-order filter is adopted on the reason of the above i) and ii) rather than that of the large L/T .
Design of PID control system
Consider the velocity-type PID controller for the augmented system which consists of (1) and (2). Here, the constructed control system is shown in Fig.4 In Fig.4, f(s) is a feedback compensator, and is given as follows:
Consider the design of k c and f(s) based on the partial model matching method proposed in the literature [Kitamori1] . First, let the reference model to be (4):
where σ denotes the parameter corresponding to the rise time of the reference model output. And also, {α 2 , α 3 , α 4 , · · ·} are set to {3/8, 1/16, 1/256, · · ·} so that the overshoot does not yield. Next, letting the transfer function of the closed-loop control system shown in Fig.4 be equal to that of the reference model, i.e., (4), the following relation is obtained:
By solving (5) with respect to f(s), the following equation can be obtained:
where (2) boardmen's works: 134 times per day(before) to 37 = = are estimated by the least squares method [Goodwin] with the last N steps' input-output data when tuning is quired. And, from the estimation results, the system parameters in (1) are calculated. Here, and + denote the least estimate of the dead time in the discrete time model and the maximum estimate of that, respectively. That is, and are set using a priori information so that . L + First, and are calculated as follows:
where and denote the estimated parameters corresponding to and respectively. Next, the dead time L can be calculated by the method proposed in the literature [Miller] . That is, times per day(after) From these results, it is clear that the proposed control scheme works very well.
Conclusions
For an atmospheric distillation process refining petroleum, a new tuning scheme of PID parameters was proposed, which is called a cyclic one-spot tuning scheme in this paper. The emphasis was on the stability of the process with saving the cost and the development term. Furthermore, by applying it to a real atmospheric distillation process, the effectiveness was evaluated on not only the behaviors of a lot of process variables but also the total profit, the frequencies of alarms and boardmen's works and so on. 
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